The aim of this paper is to define the role of the 'systems architect' in the Irish telecommunications software sector and to compare it with Misic's definition of a 'systems analyst' in the information systems arena. The architect definition is based on indepth interviews with practicing architects. The interview instrument is informed by social cognitive theory and the interviews were analyzed using the method of triples. The conclusion is that there are noticeable similarities between the roles, suggesting that the Irish telecommunications software sector can benefit from the computer personnel research carried out in the information systems field.
INTRODUCTION
This paper has two goals: The first is to define the 'systems architect' role as it pertains to the Irish telecommunications software sector and the second is to compare that with Mark Misic's definition of a systems analyst [1] .
What is a 'Systems Analyst'?
For the purposes of this paper, a systems analyst will be described using the definition developed and validated by Misic [1:p 35]:
"A systems analyst is a problem-solving specialist who works with users and management to gather and analyze information on current and/or future computer-based systems. With this information, the systems analyst, working with other MIS personnel, defines the requirements which are used to modify an existing system, or to develop a new system. The systems analyst identifies and evaluates alternative solutions, makes formal presentations, and assists in directing the coding, testing, training, conversion, and maintenance of the proposed system."
What is a 'Systems Architect'?
It would be reasonable to assume that someone called a 'systems architect' is responsible for the overall architecture (both hardware and software) of a computer system. In any given sector, an in-depth knowledge of that problem domain would also be expected, reflecting the view that systems architecture is "a result of technical, business and social influences" [2] .
The same authors give the activities involved in systems architecture as: creating a business case, understanding the requirements and creating the architecture. That architecture must be communicated to the stakeholders and evaluated before a system is implemented. During construction of the system, the systems architect must ensure that the implementation conforms to the architecture.
The Guide to the Software Engineering Body of Knowledge [3] does not have a knowledge area devoted to architecture. Instead, it places "architectural structures and viewpoints, architectural styles, design patterns, and, finally, families of programs and frameworks" into the Software Design knowledge area. This suggests that Software Design should be the system architects' focus. However, based on the activities listed by Bass et al [2] above, we would also expect them to be concerned with Software Requirements and to have some part in directing the Software Construction effort.
From these descriptions, the role of the systems architect seems similar to that of a building architect. Indeed, both the Massachusetts Institute of Technology and Carnegie Mellon University have taught design using the studio techniques of building architects [4] . If this model is correct, systems architects should spend a great deal of time with customers, trying to understand their concerns. As it was put in [5] : "The vast majority of the artifacts we design are created for particular groups of users. Designers must understand something of the nature of these users and their needs." Having identified the requirements, the architect should construct the overall architecture of the product, addressing all the non-functional requirements, such as performance, maintainability, scalability, security and reliability.
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The next section will present the methods used to gather and analyze information pertaining to systems architects. This is followed by a definition of the systems architect role, based on the interview data. Once this role is defined, it is compared with the Misic definition of the systems analyst. The paper ends with the implications for research that this comparison suggests.
Methodology
A total of thirty-one software practitioners from the Irish telecommunications domain have been interviewed as part of a larger field study. Five of the interviewees were systems architects and these interviews provide the basis for the analysis presented here.
The Interview Instrument
The interview instrument draws on Albert Bandura's social cognitive theory. This states that a person's behavior, personality and environment all influence each other reciprocally. He describes this dynamic as "triadic reciprocal determinism" [6] . We must ensure that the interview instrument explores the interviewees' personalities, behaviors and their work environment.
Each of the six factors shown in figure 1 is described in the following sections. For a more detailed description of the interview instrument, see Downey [7] .
Environmental Factors -Work Itself
It is important that the interview determines what the person actually does. This is shown in figure 1 as the 'Work Itself'. To elicit this information, the interviewee is asked the general question: What do you do? To structure the answer, a checklist is used that itemizes the main phases of the software development lifecycle. This draws on various IEEE standards and recommendations, specifically those for purchasing [8] , documentation [9] , project management [10] and the Software Engineering Body of Knowledge [3] .
Environmental Factors -Work Context
There seems to be general agreement in the literature that work itself is the key motivator for people [11] [12] [13] [14] . However, the work context provides potential for de-motivation. Aspects like pay, conditions and supervision are what Herzberg calls 'hygiene factors'. They do not motivate in themselves, but cause grave dissatisfaction if they are not adequate.
Although not explicitly elicited, the description of the job reveals details of the work environment -the Work Context. In particular, the interviewer learns about the software development process and the interaction between different roles. To a certain extent, insight also can be gained into the interviewee's motivation.
Personal Factors -Skill Set
The principal personal factor considered in this study is the person's skill set. This is the product of education, training and both work and life experience. Skill set information is obtained by asking: What skills do you use in your role? Drawing on the skills surveys carried out in the information technology sector [15] [16] [17] [18] [19] , a checklist of skills was prepared covering the areas of technical, business and interpersonal skills.
Personal Factors -Attitude
Attitude is the other personal attribute considered. This is a difficult area to query explicitly because, as Hogg and Vaughan [20] explain: "you cannot see, touch or physically examine an attitude; it is a hypothetical construct". However, two points raised by Allport [21] offer an approach:
• "An attitude always has an object of reference. One has an attitude toward parsnips, communism, or artic exploration."
• "Attitudes are usually pro or con, favourable or unfavourable, well disposed or ill disposed; they lead one to approach or withdraw from their object."
Therefore it may be possible to learn of a person's attitude by examining their behaviors.
Behavioral Factors -Willingness to Learn
Since we are interested in skill sets, we look at learning behaviors -the interviewees' Willingness to Learn. This factor is assessed by the biographical part of the instrument where they are asked: How did you acquire these skills? They are invited to talk about their early career motivation (from their school days), their formal third-level education and their experiences of mentoring. The interview also examines their lifelong learning attitudes by probing their views on professional training courses, night classes and trade literature. 
Behavioral Factors -Application to Work
The other behavioral attribute -Application to Work -is not explicitly canvassed. However, it can be deduced from the level of enthusiasm observed during the interview, particularly in the job description section. Indeed, a problem in several interviews was the need to interrupt people who were prepared to talk indefinitely about their work!
Analyzing the Data
Miles and Huberman [22] describe the first stage of qualitative analysis as 'data reduction', where the large volume of data is simplified and focused. Thus each interview was studied in detail and analyzed sentence by sentence. Short, descriptive terms called codes were created and related sections of the interviews were filed under these codes. This basic level of analysis is called 'open coding' [23] . The interview data were entered into the QSR Nvivo software package. This kept track of the assigned codes and allowed all interview data associated with a given code to be viewed.
As all thirty-one interviews were analyzed, new codes were created as new topics were encountered. Eventually saturation was reached and no further codes were needed. In total, sixty-four codes were required. For this study, the interviews with system architects were extracted from those of the product managers, project managers, programmers, testers, technical writers and customer support personnel. Then each code was studied across the five relevant interviews. All five architects agreed in only six of the sixty-four codes as follows:
1.
[Degree] All have bachelor's degrees in engineering.
2.
[Budgeting] None of them manages a budget.
3.
[Interviewing] All have interviewing experience, which can be attributed to their having had some type of leadership experience.
[Presentation Skills]
All have to give presentations and have received training in this.
[Requirements Review]
All review the preliminary, or marketing, requirements documents from the product management / marketing function.
[Courses]
All have reservations about the benefits of short professional training courses.
In contrast, the interviewees who are involved in design employ different design methodologies. These architects use the Unified Modeling Language (UML), object-oriented design, structured design and prototyping tools.
From these codes, we get a very limited picture of the systems architect. They are all experienced people, whose careers are based on an engineering foundation. They all take part in the requirements definition phase. Since they do not manage budgets, it is unlikely that they carry out a formal management function.
In order to build up a better picture of what a systems architect is, a further level of coding was needed. It was decided to examine the remaining codes using the method of triples. This works by analyzing a set of elements (for instance, contributions by the interviewees filed under the same code), three at a time, and identifying the odd one out. Having identified the odd one out, we need to know, not only why this is unique, but why the others are similar. This form of analysis is also used in the repertory grid technique [24] .
Each of the sixty-four open codes was examined, taking the contributions of three interviewees at a time. Based on their thoughts, thirty-five factors were identified: thirteen relating to the person's personal background and learning behaviors; twenty-two relating to the company, group or project situation.
These findings are presented in the next section.
Defining the System Architect Role
The tables presented in this section illustrate the findings of the method of triples. Each contains four columns. The first is a reference number; the second is the open code; while the remaining columns contain the contrasting views that the interviewed systems architects expressed under that code. In some cases, a single juxtaposition is presented; while in others, one situation is contrasted with a number of opposing viewpoints. Table 1 lists the factors that relate to the interviewees' personal background and their learning behaviors. We can see that the interviewees were good at school, favoring mathematical subjects. Two now hold master's degrees; with one having completed the coursework, but not the project. Three have studied for degrees at night. An engineering background is cited in some cases as the basis for problem-solving skills.
Personal Background and Learning Behaviors
Those interviewees who enjoyed good mentoring experiences, such as graduate recruitment programs, endorse the practice. However, the one person who had a poor experience signals the need for carefully selected mentors.
"The mentor I was assigned … was a troubled individual. I used go into the lab. I would be sitting down while he was testing stuff -he didn't want me there at all. I was terrified!"
Although some interviewees no longer keep up with the trade journals, they remain in tune with industry developments -citing the Internet as a better source of information. Interestingly, those who feel comfortable with technical writing duties were the ones who received writing training in college.
Their work seems to be the main facet of their lives. Although most play some sort of informal team sports, only one has a significant outside interest.
For most of the interviewees, team leading is a role they do not want to take on -citing a preference for technical work and a reluctance to get involved in personnel issues. The others either have taken technical leads or project management roles; they also were the only ones interested in personal development courses. Based on the personal and behavioral factors in table 1 a picture emerges of an intelligent person who is very dedicated to the profession. This is someone who enjoys technical work above all and is not interested in politics and people interaction. As pointed out in [25] , the latter are not natural skills for people with technical backgrounds. One of the interviewees notes that management tasks take up time better spent with technical work:
"Coordinating and planning is [part of] a project management role. They are roles, or tasks, I tend to shy away from, partly because they're hard to do right and also because, if you do that, you won't be able to do any architecting. Your technical role is very much diluted once you get caught up in that whole area."
Having explored these factors, a profile of the type of person who would be attracted to the role of software architect emerges. However, they do not help us define the role. For this we need to investigate the situational factors -those relating to the company, group and project.
Situational Factors
The remaining twenty-two factors that relate to the architects' roles are given in table 2. They have been ordered to match the development life-cycle. From these we can see that the systems architect is involved from the moment the product management function comes up with requirements as follows: 2. The amount of effort that goes into feasibility studies is very company-specific. In most of the companies studied, the architects simply provide schedule estimates. These are based on personal experience for the most part but methodologies, such as function-point or wide-band Delphi analysis, are used; supported by historical data. One interviewee mentions the unit cost of the finished product.
"On this product, for example, we'd make a lot of cross-discipline decisions. So, for example, some silicon feature that might make software cheaper would be traded off against the extra software cost versus maybe the product cost that the silicon would cost. So we make a lot of cross-domain decisions."
The general consensus is that personal experience is adequate for developments similar to those done previously. However, the best way to generate estimates for unprecedented work is to develop a prototype.
3. Architects do carry out the project management of developments and, as such, will have to complete risk management studies. Otherwise they merely identify potential risks and feed them into the assigned project manager.
4. As a general rule, the architects write functional specifications if the marketing people are happy that the project is feasible.
"It's a document which would analyze the requirements and come up with an attempt at a system-architecture. In other words, what are all the parts -separate computing entities -that are required to achieve this feature or service and also to come up with an estimate for how much effort is involved in implementing each of those parts."
They also prefer to remain involved with the project beyond the feasibility phase.
5. As we saw earlier, the architects are involved in design, using different methodologies. All the architects work for companies where new features are being developed for mature products. This probably explains why architecture is not a significant part of their work. In one case, the only architectural decisions made are related to the assignment of software processes to computer platforms in a multi-host system.
"If you have new services and functionality to introduce, you put them on different boxes. So the architecture wouldn't really change. Architecture is how the boxes are organizedwhat's running on the different boxes. How you manage whether they're highly available, or whether they're fault tolerant or whatever. … For software architecture, you'd identify where different processes would sit."
6. Many architects are expected to produce deliverable code. Assembly language, C, C++ and Java are all used, with PERL scripting being employed in some prototypes.
7. Similarly, these architects take part in the testing process. Although Myers [26] warns that testing is not well understood in the software development world, the interviewees all display an appreciation of the theory behind testing.
"I took courses on it many years ago … This was an area I was interested in … Unit testing is something we're getting stronger at and also integration and system testing. So we developed our own testing tools and I had a big input into the testing tool development."
8. Architects are also involved with the product after delivery. For instance, in one company, existing databases have to be reformatted to work with the new features and in another, the architect provides consultancy services to customers who wish to interface with third-party products or improve their performance. Training courses have been given by the architects.
"Sometimes it's to help them tune their applications -we went through a phase of that on [the last product] where customers were trying to get certain performance out of the product and their software ... In other cases, customers might have been using products from third parties ... and might have found it difficult to get it working on ours. We would have helped them out with that too."
9. The architects have limited involvement with suppliers. Rarely do they have to consider commercial aspects, being involved instead with the specification of third-party software.
"It would be more a case of reviewing statements of work and deciding what they need to do in the first place. The actual money negotiation -there are professionals who do that … Also, reviewing their test plans and reviewing the results of their test plans."
Besides enjoying the hands-on technical aspects of the job, another reason for the architects' interest in working through the development cycle could be the comfort of being part of a team. The architects with least involvement in the construction phase found themselves floating between teams that were formed to carry out specific tasks (such as determining the feasibility of a feature).
Summarizing these findings into a role definition gives:
The systems architect is a technical expert with experience of the company's products and the industry in general. S/he works with product management to refine customer requests into a set of engineering requirements that are possible to implement. S/he will identify possible implementations that satisfy the requirements and assess their feasibility in terms of time schedules and headcount. Architects sometimes remain with a project through construction, writing the functional specification and contributing to the design, code and test activities as a technical lead, an advisor or in a hands-on development capacity. After product delivery, architects may provide additional consultancy as well as training to end-users.
Comparing System Architects with System Analysts
While a picture has emerged of the systems architect role, it differs significantly from the expectations presented in section 1.2. The principal concerns of the architect seem to centre on Software Requirements with a major involvement in Software Construction. However, this contribution is often a hands-on as well as a guiding role.
Indeed, the role looks very similar to Misic's [1] definition given in section 1.1. Factoring out the responsibilities offered in that definition, we can see several parallels between Misic's systems analyst and the architects of this study:
1. "Is a problem-solving specialist". Problem solving or problem analysis is accepted by the interviewees as a key skill and several provide examples of the methodology they use. Part of their problem solving difficulties relate to having to make decisions based on incomplete information. They have all learned how to cope with such ambiguity -one of the interviewees going as far as stating that the role of the architect is about reducing ambiguity.
2. "Works with users and management". Surprisingly, few of the architects meet the customers directly. However, they do work with them via the product management function. Being aware of the customers' perspectives influences the approaches to problems. For instance, one architect endorses the use of function-point analysis because the estimates can be presented to the customer in terms of functionality rather than in terms of life-cycle phases. Now the customer knows how much each feature is expected to cost in terms of time.
3. "Gathers and analyses information about computer-based systems". For one of the architects, performance modeling is an important part of his feasibility work. For the others, knowledge of the latest telecommunications protocols is essential in order to inter-work with other nodes in the telecommunications network. Getting the product to interwork with third-party software is another example.
4. "Works with other MIS personnel". To understand the customer requirements, the architect must work with the product management function; to determine the initial estimates, s/he must interact with the programming teams. Obviously, they contribute to the project management effort by identifying risks, generating estimates and, in some cases, work breakdown structures. Finally, they work with the customer support group to help deal with upgrading, performance and inter-working issues.
5. "Defines requirements". Requirements coming from the product management function often cannot be immediately implemented. The architect must define a more detailed set of requirements from these, a set that is testable and measurable.
6. "Identifies and evaluates alternative solutions". The interviewees discuss alternative solutions and the importance of recording these is stressed. This is useful if the product is elaborated in the future.
7. "Makes formal presentations". This is also part of the systems architect role. All the interviewees have received training in giving presentations, although some describe themselves as nervous presenters.
8. "Assists in directing the coding, testing, training, conversion, and maintenance". As we've seen with our architects, this might be better expressed as: 'assists and directs'. Most of the architects stay with the project to delivery and beyond. Some are more involved in the hands-on technical work, but others provide a technical lead (direction) by taking part in the reviewing and inspection processes.
Conclusion
This paper has shown that the role of a systems architect in the Irish telecommunications software sector is not dissimilar to that of a systems analyst in the information systems (IS) arena. It should be noted that the architects studied here work in Irish subsidiaries of multi-national companies. As pointed out by McGovern [27] , Irish subsidiaries do not offer the full spectrum of research and development work. This suggests that the systems architects working in head office may not conform to this definition.
The systems analyst role is often a position on the way to management. As noted by Lee [28] , "a programmer/analyst progresses through his/her career to systems analyst and to IT manager". In contrast, the systems architect role is designed to offer progression without management responsibility, reflecting its place on the technical career ladder.
The parallels between the roles means that the Irish telecommunications sector can benefit from the extensive research carried out in the computer personnel research discourse. For instance, the lessons learned in what makes a good systems analyst [29] [30] [31] could be applied to the assessment of systems architects. Also insights into training needs [32] , personality [33] and, to a lesser extent, career paths [28] can benefit the understanding of architects.
One of the questions posed in the literature is: who is the IT workforce? Kaarst-Brown and Guzman [34] note that one of the problems with answering that question relates to "outdated or exclusionary definitions" of IT workers. This paper makes a small contribution to addressing this problem, by providing a definition for a systems architect. Similar analysis on the other interviews carried out in the overall study should yield definitions for product managers, project managers, programmers, testers, technical writers and customer support personnel. The approach taken may also be applicable to "IT professionals, computer scientists, software developers, and business professionals trained in MIS, as well as various occupational sub-categories in organizations including programmer, analyst, network specialist, and project manager, to name only a few" [34] .
